INTRODUCTION
In the course of our current research on RMnO (R"La, Pr, Nd) perovskites we identified, after synthesis processes at high oxygen pressures, minor impurity phases isostructural with YMn O (1). The lack of X-ray powder diffraction data (XRD) for RMn O (R"rare earths) and the incomplete characterization of most of these interesting phases led us to undertake a systematic study on its structural, electrical, and magnetic properties.
The RMn O family of oxides was first described by Quezel-Ambrunaz et al. (2) and Bertaut et al. (3) , who prepared single-crystal phases from a Bi O flux for R" rare earths, and gave the unit-cell parameters for the complete series. The authors already recognized the extraordinary flexibility of the structure concerning the substitutions of both R and Mn atoms allowing, for instance, the preparation of RMnTiO phases. The crystal structure of the isomorphic series was solved for HoMn O (2) and subsequently refined for other rare earths: DyMn O (4), ErMn O , and TbMn O (5) and, more recently, NdMn O (6) . All these studies were performed from single-crystal data. The structure is orthorhombic and contains two kinds of crystallographic positions for Mn. Mn1 is hexacoordinated to oxygens forming Mn1O distorted octahedra. The coordination of Mn2 is best described as slightly distorted tetragonal pyramidal. From considerations relating the Mn-O distances and the observed magnetic couplings, it can be assumed that Mn1 positions correspond to tetravalent Mn cations, whereas Mn2 are occupied by Mn> cations. In the global crystal structure [Mn>O ] octahedra form infinite chains parallel to the c axis, linked through [Mn>O ] units and bicapped [RO ] antiprisms. The shortest metal-metal distance noticed in this family is Mn1-Mn1"2.750(2) A s in the Nd compound. Important implications on the physical properties of these phases can be presumed from such short distances. The magnetic structures, studied for R"Nd (7), Dy (8), Tb, and Er (5,7) from neutron diffraction data, are rather complex and show amplitude modulation of the ordered magnetic moments.
The aim of this paper is to describe the preparation of polycristalline samples of RMn O for La and the lighter rare earths (R"Pr, Nd, Sm, Eu), which can be only (for R"La) or better (R" Pr...Eu) prepared under high oxygen pressure. XRD data are given, as well as the result of the Rietveld refinements of the crystal structures. The thermal and electrical behaviors are also reported.
EXPERIMENTAL

RMn
O (R"La, Pr, Nd, Sm, Eu) phases were obtained as dark brown polycrystalline powders starting from precursors previously synthesized by a citrate technique. Stoichiometric amounts of analytical grade R O and Mn(NO ) · 4H O were solved in citric acid. The citrate solutions were slowly evaporated and decomposed at temperatures up to 600°C. All the organic materials were eliminated in a subsequent treatment at 800°C in air. High oxygen pressure treatments were performed in a Morris Research furnace, HPS-3210. About 2 grams of the precursor powders were contained in a gold can during the oxygenation processes. The samples were slowly heated up to 1000°at a final oxygen pressure of 200 bar, and held at this temperature for 12 h. The products were finally cooled, under pressure, at 300°C h\ down to room temperature. Finally, the oxygen pressure was slowly released. Parallel treatments were also performed in air at temperatures up to 1000°C.
X-ray powder diffraction (XRD) patterns were collected with CuK radiation in a Siemens D-501 goniometer controlled by a DACO-MP computer. For the structural refinements the diagrams were recorded by step-scanning from 10 to 100°in 2 , in increments of 0.05°and a counting time of 4 s each step. The XRD patterns were analyzed by the Rietveld (9) method, using the FULLPROF program (10), a strongly modified version of the Young and Wiles code (11) . A pseudo-Voigt function was chosen to generate the line shape of the diffraction peaks. No regions were excluded in the refinements. In the final run the following parameters were refined: background coefficients, zeropoint, half-width, pseudo-Voigt, and asymmetry parameters for the peak shape; scale factor, positional, and unit-cell parameters. Isotropic thermal factors were set to 0.3 and 0.7 A s for metals and oxygens atoms, respectively, and an overall thermal factor was also refined.
Thermal analysis was carried out in a Mettler TA3000 system equipped with a TC10 processor unit. Thermogravimetric (TG) curves were obtained in a TG50 unit, working at a heating rate of 10°C min\, in a reducing H (5%)/N (95%) flow of 0.3 l min\. About 30 mg of sample were used in each experiment.
RESULTS AND DISCUSSION
Preparation
The preparation of pure RMn O phases has shown to be extremely favored by (i) the use of finely divided and homogeneous precursors and (ii) the final thermal treatment under high oxygen pressure. The last condition is specially essential in the preparation of LaMn O , which could not be obtained at ambient pressure starting either from citrate precursors or ceramic mixtures: the competitive LaMnO perovskite and MnO were always identified after all the thermal treatments in air at different temperatures. The remaining RMn O oxides (R"Pr, Nd, Sm, Eu) could be prepared as major phases, together with RMnO as impurities, by heating in air the citrate precursors (up to 1000°C), but single-phased products could be achieved only by subsequent annealing of the samples at 1000°C under 200 bar of O . Figure 1 shows the XRD pattern for a PrMn O sample prepared either in air, where the competitive PrMnO phase is still present, or in high oxygen pressure (200 bar), where a single-phased product is obtained. This behavior can be understood since the application of oxygen pressure favors the stabilization of the high oxidation states of manganese, Mn> and Mn>. Figure 2 shows the XRD patterns of RMn O (R"La, Pr, Nd, Sm, Eu). They all correspond to pure phases that Table 1 .
Crystal Structure Refinement
The crystal structure of the five compounds was refined by profile analysis taking as starting structural model that of NdMn O (6), in the space group Pbam (No. 55), Z" 4. An example of the good agreement between the observed and calculated profiles of the pattern is given in Fig. 3 for LaMn O and PrMn O . The refined unit-cell parameters are listed in Table 2 , and plotted in Fig. 4 versus the ionic radii of the rare-earth cations (12) . There is an almost linear variation of a, b, c, and V, according to the well-known lanthanide contraction. It is noteworthy that the observed cell parameters in our powder patterns are significantly different from those reported in the literature, from single crystal samples, included also in the same Table 2 . It is possible that the way of preparation of these crystals (3, 6) , involving a Bi O flux (3) or manganese halides (6) could have led to small substitutional incorporation of strange atoms into the structure, thus modifying slightly the size of the cell.
The final atomic coordinates after the refinement are listed in Table 3 . Final bonding distances and angles are given in Table 4 . A representation of the structure is shown in Fig. 5 . Mn1O octahedra share edges via O2 and O3 oxygens, to form infinite chains running along the c axis. The chains are linked together by Mn2O units, through O3 and O4 oxygens. In fact, Mn2O pyramids share edges through common O1 oxygens to form dymer units, Mn2 O , as shown in Fig. 5 . The bigger R atoms are at the eightfold coordinated holes of the network. The relatively high standard deviations of the oxygen positions, associated to the small scattering factor of oxygen in front of R and Mn atoms, and the limitations inherent to powder diffraction, make it difficult to observe definite trends in the individual metal-to-oxygen bond distances (Table 4 ) along the compounds of the series. However, some general remarks can be drawn. In the Mn1O octahedra, the two Mn1-O3 bonds are significantly shorter than the four remaining Mn-O bonds. Similarly flattened octahedra have also been observed in other Mn>-containing structures, Note. R and O2 atoms are at 4g (x, y, 0) positions; Mn1 at 4f (0, 1/2, z); Mn2 and O3 at 4h (x, y, 1/2); O1 at 4e (0, 0, z) and O4 at 8i (x, y, z) positions.
? Bragg R ' factor is given over 420 reflections.
such as -MnO (rutile-type (13)), in which the octahedra form infinite chains by edge sharing too. Mn2O pyramids also show very significantly different bond lengths: four oxygen atoms (2O1#2O4) are in a square plane, with Mn-O distances between 1.83 and 1.93 A s , and the fifth oxygen atom is in axial position at a longer distance from Mn, between 2.04 and 2.14 A s . In addition, looking at the average metal-oxygen distances within each coordination polyhedron, we observe that both RO and Mn2O polyhedra have a tendency to decrease in size from La to Eu. This is related to the lanthanide contraction which correspondingly scales with the size of the unit cell.
The observed Mn1-Mn1 distances are extremely short, in the range 2.70-2.75 A s . They are much smaller than the Mn-Mn contact in other comparable phases, such as 2.871 A s in -MnO (13) . It is evident the influence that such structural features can have in the magnetic interactions between manganese cations. The magnetic susceptibility and the ordered magnetic structures will be studied in the inmediate future.
Transport measurements show that all the studied RMn O (R"La...Eu) phases are insulating, with resistivities higher than 10 cm. The variation of the electrical resistance with temperature was not measured.
Thermal Analysis
The thermal behavior of RMn O in a reducing H /N flow is illustrated in Fig. 6 for R"La. The TG curve shows two well-defined steps, starting at 275 and 650°C, respectively ( Table 5 ). The DTG curve shows that, in fact, the first step is formed by two closely overlapping processes, with DTG peaks at 460 and 500°C. After the first step a plateau is observed, where a mixture of a bad-crystallized perovskite phase and MnO can be identified by XRD. After the second step, showing a DTG peak at 800°C, the reduction process is completed to give a mixture of La O and MnO. A similar behavior is observed in the thermograms of the remaining RMn O phases, although a considerable shift of the starting and DTG temperatures is observed depending of the nature of R, as shown in Table 5 . For the Sm and Eu samples, the second step strongly overlaps with the first step Note. The total weight loss after both processes is given in oxygen atoms per formula, with an estimated error of $0.01. The determined composition of the departure phases is also included.
in such a way that only a global reduction process can be distinguished.
In all these compounds, the total weight losses observed after the reduction to MnO can be used to have an estimate of the oxygen contents and, hence, of the oxidation state of Mn in the departure samples. The total oxygen loss per formula unit is, in all the cases, slightly higher than expected, which suggests that the studied phases are better described by the formula RMn O >B , as indicated in Table 5 . The excess oxygen, , is somewhat larger in the Sm and Eu compounds.
The global process observed during the total reduction of the samples can be written as
The excess oxygen of the departure samples may be incorporated in interstitial form into the structure. The determination of the structural location of such small amounts of interstitial oxygen atoms would require a detailed neutron diffraction study. The average oxidation state of Mn is in the range 3.56#(for R"La) to 3.63#(for R"Sm).
CONCLUSIONS
Polycrystalline RMn O (R"La, Pr, Nd, Sm, Eu) samples have been prepared by thermal treatments under high oxygen pressure, necessary to better stabilize manganese in trivalent and tetravalent oxidation states. In the structure, Mn> and Mn> occupy different crystallographic positions, a square pyramidal environment and octahedral coordination, respectively. Thermal analysis in reducing conditions allowed us to determine the mean oxidation states for Mn, which are slightly higher than expected, ranging between 3.56#and 3.63# for the La and Sm compounds, respectively.
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